(THF). C 6 D 6 was distilled from K, freeze-pump-thaw degassed, and stored under N 2 ; DMSO-d 6 was dried over five rounds of activated 3 Å molecular sieves, freeze-pump-thaw degassed, and stored under N 2 . Phosphonium salts (R 3 PHX; R = Cy, n Bu, t Bu; X = Cl, I, BAr 
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Physical methods
NMR spectra were recorded on Bruker 400/500 spectrometers operating at 400.1/500. 4 , and 85% H 3 PO 4 (aq), respectively. FTIR spectra were recorded using a Bruker Αlpha spectrometer using either a Specac Omni-Cell™ or a Bruker attenuated total reflection (ATR) accessory for solution and powder measurements, respectively.
Raman spectra were recorded using a Horiba XploRA™PLUS Raman microscope. Samples were measured as powders using a 633 nm laser at 1% intensity. UV-vis spectra were recorded on a Perkin
Elmer Lambda 750 spectrometer. Samples were prepared under N 2 in a sealed 1 mm path length cuvette; background subtractions were applied for each sample. Variable temperature (5-300 K) EPR spectra were measured at X-band (ca 9.4 GHz) on a Bruker EMX 300 spectrometer. Powder measurements were performed on a polycrystalline sample, which was ground to a fine powder and flame sealed under vacuum within a 1 mm i. Inside a N 2 glovebox, the titanium complex (0.005 mmol), the acid, and the reductant, were weighed into bulb A of the distillation apparatus shown in Figure S1 , which was then sealed and transferred to a dual-bank vacuum and N 2 gas manifold. The solvent was added to bulb B of the distillation apparatus via syringe and then frozen in a LN 2 bath (-196 °C). After placing the entire distillation apparatus under a static vacuum, the LN 2 bath was transferred to bulb A, such that the frozen solvent could be thawed and distilled onto the frozen solids in bulb A. The distillation apparatus was then opened to N 2 (ca 1 bar) and the LN 2 bath replaced with a dry ice/acetone bath (-78 °C indophenol was generated in situ from NH 3 using an aqueous indicator solution of PhOH, NaOH, NaOCl, and Na 2 [Fe(CN) 5 NO]. 7 The concentration of NH 3 was determined via UV-vis spectroscopy by measuring the characteristic electronic absorption feature at 634 nm ( Figure S2 ). Pdmab test
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(N 2 H 4 ): a yellow azine dye was generated in situ from N 2 H 4 using an acidic indicator solution of paradimethylaminobenzaldehyde (pdmab) in EtOH. 8 The concentration of N 2 H 4 was determined via UVvis spectroscopy by measuring the characteristic electronic absorption feature at 458 nm ( Figure S3 ).
Figure S2. UV-vis calibration curve for the indophenol method (λ = 634 nm).
Figure S3. UV-vis calibration curve for the pdmab hydrazine test (λ = 458 nm).
H NMR spectroscopy (NH 3 ):
An aliquot taken from the aqueous analyte was dried in vacuo and then dissolved in DMSO-d 6 (0.7 mL) for 1 H NMR spectroscopic analysis (delay time = 25 s; Figure S4 -6). 
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X-ray diffraction data Figure S33 . Molecular structure of 1A (120K) with displacement ellipsoids at 50% probability.
Hydrogen atoms and disordered components are omitted for clarity. Figure S34 . Molecular structure of 1B (120K) with displacement ellipsoids at 50% probability.
Hydrogen atoms and disordered components are omitted for clarity. Figure S35 . Molecular structure of 3 (150 K) with displacement ellipsoids at 50% probability.
Hydrogen atoms are omitted for clarity. Figure S36 . Molecular structure of 4 (120 K) with displacement ellipsoids at 50% probability.
Hydrogen atoms are omitted for clarity. 
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Computational details
General
Unrestricted and restricted geometry optimisations were performed for the full models of 3-5 using initial coordinates derived from the X-ray crystal structures. No constraints were imposed on the calculations. The calculations were performed using the Amsterdam Density Functional (ADF) suite version 2012.01. 9, 10 The DFT geometry optimisations employed Slater type orbital (STO) triple-ζ-plus polarisation all-electron basis sets (from the ZORA/TZP database of the ADF suite). Scalar relativistic approaches were used within the ZORA Hamiltonian for the inclusion of relativistic effects and the local density approximation (LDA) with the correlation potential due to Vosko et al 11 was used in all of the calculations. Gradient corrections were performed using the functionals of Becke 12 and Perdew. 13 MOLEKEL 14 was used to prepare the three-dimensional plot of the electron density.
Analytical frequencies were computed within the ADF program. 
